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(54) Signal reception apparatus for DS-CDMA cellular system 

(57) A plurality of sets of spreading code sequences 
are store in registers and selectively supplied to Fig.l 
matched filters. The soft-handover, multi-code process- 
ing and long-delay paths can be processed by a small 
circuits. 
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Description 

Detailed Description of the Invention 
5 Background of the Invention 
Field of the Invention 

[0001 ] The present invention relates to a signal reception apparatus for DS-CDM A cellular system having a sampling 
10 and holding circuit tor holding analog input signal successively, a plurality of matched filters each for calculating a cor- 
relation between the input signal and a spreading code and a plurality of calculation registers each corresponding to 
one of the matchied filters for storing the spreading code to be supplied to the corresponding matched filter. - 

PriorArt 

IS 

The code division multiple access (CDMA) cellular system above is advantageous for an asynchronous system among 
base stations it is possible to identify the base stations and mobile stations and it is unnecessary to manage the timing 
over a plurality of cells. The asynchronous system does not need an external synchronization system, such as a global 
positioning system (GPS), so its base station can be established by a low cost. In the synchronous system, the base 

20 stations are identified by the time difference of signals from base stations reach to a mobile station, rather than by a 
unique long code, so it likely happens that a base station is incorrectly identified. While, the signal reception apparatus 
of the mobile station for asynchronous cellular system has a lot of performances, that Is, a despread of a composite 
code of short and long codes, a fading compensation of a multi-path signal, a rake combining, the identification and 
evaluation of a plurality of base stations for an initial and peripheral cell search, changing of the transmission speed by 

25 variat^e spreading ratio and a multi-code communication for high speed communication. When a mobile station moves 
over a plurality of cells, base stations should be changed by soft-handover one after another. 

[0002] Therefore, the signal reception apparatus for the CDMA cellular system may become conplicated and large 
in circuit size. The signal reception apparatus is not preferable for a mobile station. If a long-delay path is to be proc- 
essed, a plurality of matched filters are necessary in a traffic channel for one code sequence, so the circuit is further 
30 complicated. Also for the multi-code processing and soft-handover processing, a plurality of matched filters are neces- 
sary. 

Summary of the Invention 

35 [0003] The present invention has an object to provide a signal reception apparatus for DS-CDMA cellular system of 
small size availat)le for processing by a plurality of spreading codes. 

[0004] According to the present invention, one or a plurality of matched filters are connected with a plurality of regis- 
ters for storing a plurality of spreading codes through a multi-plexer. 

40 Brief Description of the Invention 



[0005] 






Fig. 


1 is a block diagram of a matched filter in a signal reception apparatus for the DS-CDMA cellular system, 


Fig. 


2 is a block diagram of a register for storing a plurality of spreading codes, 




Fig. 


3 is a t)lock diagram of a phase-multi-plexer in Fig.2, 




Fig. 


4 is a timing chart of the matched filter for receiving signals from a plurality of ba 


se stations, 


Fig. 


5 is a block diagram of another matched filter. 




Fig. 


6 is a circuit diagram of the circuit following to the matched filter. 




Fig. 


7 is a timing chart of the matched filter for another processing, 




Fig. 


8 is a timing chart of the matched filter for further another processing. 




Fig. 


9 is a flow chart of the processing of Rg.8. 




Fig- 


10 is a timing chart of the matched filter for multi-code processing. 





Fig. 11 is a flow chart of the processing of Fig. 10. 
35 Fig. 1 2 is a flow chart of schedule determination in Fig. 1 1 , 
Fig. 1 3 is a flow chart of receiving in Rg. 10. 

Fig. 1 4 is a timing chart of the matched filter for another multi-code processing, 

Fig. 15 is a timing chart of the matched filter for long-delay processing when a log-delay does rKrt occur. 
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Fig. 16 is a block diagram of a register for storing a spreading code for long-delay. 
Fig. 1 7 is a timing chart of the matched filter for long-delay processing when a log-delay occurs. 
Fig. 1 8 is a block diagram of another register for storing a spreading code for long<felay, 
Fig. 1 9 is a block diagram of further another register for storing a spreading code for long-delay, 
5 Fig.20 is a circuit diagram of a multi-plexer in Fig. 1 . 

Fig. 21 is a circuit diagram of another multi-plexer in Fig. 1 . 
Fig.22 is a circuit diagram off a sampling and holding circuit in Fig. 1, 
Fig.23 Is a circuit diagram of a switch in Fig. 1 , and 
Flg.24 is a circuit diagram of an adder in Fig. 1 . 

10 

Prefen-ed Embodiment 

[0006] Hereinafter, preferred embodiments of a signal reception apparatus for DS-CDMA cellular system according 
to the present Invention are described with reference to the attached drawings. 
IS [0007] In Fig. 1 , one of matched filters in a signal reception apparatus includes a plurality of sampling and holding 
circuits SHI to SHn parallelly connected to an analog input signal Vin. The sampling and holding circuits are controlled 
by a system clock so as to successively hold the signal Vin in response to the system clock. Since the signal held by 
one sampling and holding circuit is not transferred to another sampling and holding circuit, the transfer distortion is 
avoidable. 

20 [0008] Outputs of the sampling and holding circuits are input to corresponding multi-plexers MUX1 to MUXn of one 
input and two outputs. Each multi-plexer alternatively outputs the input to one of two outputs in response to a spreading 
code of one bit The output of each multi-p|exer is input to a plus terminal "p" and a minus terminal "m" of an adder ADD. 
The terminals "p" and "m" are selected in response to "1 " and "0" of the spreading code, and the adder has circuits for 
adding operation and subtracting operation. An output of the adder ADD is input to a scaling circuit SCALER for scaling 

25 the output of the adder to be an adequate level. 
An output Vout is generated after the scaling. 

[0009] The sampling and holding circuits SHI to SHn hold the input signal successively and circulatively. tiiat is. SHI . 
SH2. .... SHn. then from SHI to SHn. repeatedly A spreading code including the spreading codes for tiie muti-plexers 
MUX1 to MUXn is circulated so tiiat the relationship between the order of the input signals from tiie oldest to the newest 
30 and the spreading codes is not changed. The multi-plexers MUX1 to MUXn are quickly switched in response to the cir- 
culated spreading codes. 

[001 0] There are provided a plurality of matched filters MF01 . MF02. MF1 1 . MF1 2. MF21 , MF22. MF23 and MF24 as 
shown in Fig.6. Other circuits connected to the matched filters are shown in Fig.6. The number of tiie matched filters is 
eight in Fig.6, however, tfie number can be changed. Among eight matched filters, MF01 and MF02 are allocated to a 
35 perch channel group Pch. MF21 to MF24 are to a traffic channel group Tch. and MF1 1 and MF12 are to a common 
group Cch. 

[0011] The four matched filters of the groups Pch and Cch are connected to a four-inputs-one-output multi-plexers 
MUXpl to MUXpS each of which selectively output one of the outputs of the four matched filters. The multi-plexers 
MUXpl to MUXpS are connected to multipath-signal sampling and hoWing circuits SHpl to SHpS, respectively. Each 

40 sampling and holding circuit holds one of peaks in the channel Pch and Cch. 

[001 2] The matched filters of the groups Tch and Cch are connected to six-inputs-one-output multi-plexers MUXt1 to 
MUXtR each of which selectively output one of the outputs of the six matched filters. The multiplexers MUXtl to MUXtR 
are connected to mufti-path-signal sampling and holding circuits SHtl to SHtR. respectively. Each sampling and holding 
circuit holds one of peaks in the channel Tch and Cch. 

45 [001 3] Outputs of the matched filters of the groups Pch, Tch and Cch are input to a peak detection circuits PDp and 
PDt. The peak detection circuit PDp detects correlation peaks of the perch channel and/or common channel connected 
to the circuit PDp and averages each of the peaks for a plurality of periods, then registers phase of higher peaks after 
sorting of power of the peaks. The peakdetection circuit PDt detects correlation peaks of the traffic channel and/br com- 
mon channel connected to the circuit PDt and averages each of the peaks for a plurality of periods, then registers phase 

50 Of higher peaks after sorting of power of the peaks. The circuits PDp and PDt output control signals fbr the sarrpling 
and holding circuits SHpl to SHpS and SHtl to SHtR. The control signals from PDp and PDt are decoded by decoders 
DECp and DECt, respectively, into sanrpling signals for the sampling and holding circuits SHpl to SHpS and SHtl to 
SHtR. respectively. The peak detection is performed corresponding to total or part of the matched filters. 
[0014] The matched filters of common group Cch can be used for the perch channel or traffic channel, tiien the 

55 number of matched filters for the traffic channel is available from four to six. The number of matched filters for tiie perch 
channel is available from two to four. The communication manner is highly flexible by tiie variable channel number. 
[0015] The sampling and holding circuits SHpl to SHpS and SHtl to SHtR are connected at their outputs to analog 
to digital (A/D) converters ADpl to ADpS and ADtl to ADtR, respectively. The A/D converters convert the outputs off the 
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sampling and holding circuits into digital signals. ADpl to ADpS output the digital signals to a multi -path-signal multi- 
plexer MUX31. and ADtl to ADtR output the digital signal to a mutti -path-signal multi-plexer MUX32. These multi-plex- 
ers output one of outputs from the connected A/D converters for the fading conrpensation and rake combining in the 
following circuits in time-sharing manner. The circuits for the^ding compensation and rake combining are with small 
5 size due to the timesharing. The A/D converters ADpl to ADpS can be substituted by one A/D converter which is used 
in the time-sharing manner for converting outputs of the sampling and holding circuits SHpl to SHpS into digital signals. 
The A/D converters ARt1 to ADtR can be similarly substituted by one A/D converter, 

[0016] MUX31 outputs the correlation outputs as the converted output from the A/D converters of the perch channel 
to a memory MEM31 for registering the correlation outputs. An in-phase component (l-component) and a quadrature 

10 component (Q-component) of the correlation outputs are compensated by a fading compensation circuit PC31 and 
irput to a rake combiner RCM31 . The rake combiner RCM31 generates a rake combined output Souti . MUX32 outputs 
the correlation peaks of the traffic channel to a memory MEM32 for registering the correlation outputs. An in-phase 
component (l-component) and a quadrature component (Q-component) of the correlation outputs are compensated by 
a fading compensation circuit PC32 and input to a rake combiner RCM32. The rake combiner RCM32 generates a rake 

IS combined output Sout2. 

[001 7] Fig.4 is a timing chart of the circuit in Fig.6. Only the processes of the perch channel by MF01 and of the traffic 
channel by MF21 are shown for easy understanding. When a multi-path signal '*Peak01" of three peaks from a base 
station •'a*' is received by MF01 of the perch channel in a symlxjl period, three of the sampling and holding circuits SHp1 
to SHpS are used for holding the signal. Here, a multi-path signal of two peaks from another base station 'Id'* occurs. 

20 The matched filter MF21 of the traffic channel receives a signal "Peak21 of five peaks, the total peaks of the two base 
stations above. Five of the sampling and holding circuits SHt1 to SHtR are used for holding the signal. The sampled 
data in the perch channel is registered in the memory MEM31 as shown by MEM01 , and the sampled data in the traffic 
channel is registered in the memory MEM32 as shown by MEM21 . The fading compensation and rake combining are 
performed for the data registered. 

25 [0018] Since the delay profile of the received signal is not so quickly changed, a delay profile of one symbol period is 
assumed as a delay profile of the next symbol period. The phase of the multi-path in the traffic channel can be pre- 
dicted. 

[0019] For the soft-handover, the signals from both peripheral base stations and the cunent base station are to be 
simultaneously received and processed until the next base station is determined. In Fig.4, the signals from the base sta- 
30 tions "a" and "b" are simultaneously received by the matched filter MF21 of the traffic channel. Different spreading 
codes are used for the base stations "a" and *1>", so the spreading codes are alternatively supplied for receiving signals 
from different base stations. 

[0020] As shown in Fig. 2, the spreading codes are supplied to the matched filters through two calculation registers 
CAL-REG1 and CAL-REG2. Input registers INP-REG1 and INP-REG2 are connected to the registers CAL-REG1 and 

35 CAL-REQ2, respectively Different spreading codes Pa and Pb are input to the input registers INP-REG1 and INP- 
REG2. respectively, and transferred to the calculation registers CAL-REG1 and CAL-REG2. respectively CAL-REG1 
and CAL-REG2 are shift registers and their last stages are connected to the first stages, respectively Data in the total 
stages of the registers CAL-REGl and CAL-REG2 are parallelly input to phase-multi-plexers PMUX1 and Pf^UX2, 
respectively PMUX1 and PMUX2 output the current data of CAL-REG1 and CAL-REG2. respectively, or the data of one 

40 chip time before the current data of CAL-REGl arxi CAL-REG2, respectively to a register-multi-plexer RMUX. The reg- 
ister-multi-plexer RMUX outputs alternatively the data from PMUX1 or PMUX2 as a data MUXCNT 
[0021] As shown in Fig.3, the phase-multi-plexer PMUX1 includes a data-multi-plexer DMUX1 receiving data D1 from 
the first stage and data D2 from the second stage, a data-multi-plexer DMUX2 receiving data and data D3 from the third 
stage a data-multi-plexer DMUXn-1 receiving data Dn-1 from the (n-1)th stage and data Dn from the last nth stagei. 

45 and a data-multi-plexer DMUXn receiving data Dn and D1 of CAL-REGl. It is possible that signals from different base 
stations have peaks at the same timing. These peaks have to be separated for one another. When there are no peaks 
overlapping (normal condition). PMUX1 outputs D1 to Dn as they are. When there are peaks overlapping at the same 
timing (overlapping condition), one of the two signals is shifted by one chip time. On the overlapping condition. PMUX1 
output D2 to Dn and D1 . respectively These are the data of DMUX1 to DMUXn one chip time before. PMUX2 is similar 

50 to PMUX1 . so the description therefor is omitted. If a multi-plexer of more than two inputs is used, more than two signals 
overlapping can be separated. Then, not only overlapped signals more than two but also two or more continuous over- 
lapping of peaks can be separated. 

[0022] As shown in Fig.1, an additional sampling and holding circuit SHEX receiving the input signal VIn is provided 
besides sampling and holding circuits SHI to SHn. A multi-plexer MUXEX is connected to an output of the sampling 
ss and holding circuit SHEX. An output of the multiplexer MUXEX is input the V ^nd "m" terminals of the adder ADD. In 
the case that the overlapping of peaks occurs just after SH1 samples Vin, this overlapping is predicted before one sym- 
bol period and the signal at the timing of the overlapping is held by both of the SHEX and the SH2. When the calculation 
of the data in SHI and the spreading code in CAL-REGl isfinished, next the calculation of the same data the spreading 
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code CAL-REG2 is performed using data in the SHEX not in the SH2, because the data in the SH2 is newly input at 
this time. 

[0023] If the sampling and holding circuit SHEX were not provided, the correlation calculation by the spreading code 
in CAL-REG2 includes an error due to the renewal data of SH2. However, the error can be ignored when there are a 
5 great many taps (number of multiplications) as in the usual DS-CDMA system. Therefore, a system without SHEX can 
be practically applied. 

[0024] The sampling of the input signal Vin to the SHEX can be performed at the timing when the overlapping occurs. 
~ Data in the sampling arKf holding circuits SH1 to SHn are not renewed until the timing the overlapping does not occur. 
In this system, it is unnecessary to predict the overlapping before one symbol timing. 

10 [0025] The processing above is described with reference to Fig.4. The matched filter MF01 of the perch channel 
applies the spreading codes P01 ,a and P01 ,b for the base stations "a" and "b" one after another. The correlation peaks 
of the signal from the base stations "a" and 'b* are detected as shown by PeakOI. In the traffic channel, the matched 
filter MF21 applies the spreading codes Pa and Pb one after another for every symbol periods. In the kth and (k+1)th 
periods, signal of the base stations "a" and "b" are received. Since the overlapping does not occur in the kth and (k+1)th 

15 periods, the total correlation peaks are sampled by the sampling and holding circuits SHtl to SHtR as shown by S/H in 
Fig.4. After the (k+1)th period, the peaks overlapping of signals from base stations "a" and "b" occurs at the timing 
shown by TP". The peak of "b" is delayed by one chip time so that a new peak "PD" is generated. Then, the overlapping 
is to be avoided. The sampling and holding circuits sample the correlation peaks generated as shown above. The cor- 
relation outputs from MF01 are stored in the memory MEM01. and the con-elation outputs from MF21 are stored in the 

20 memory MEM21. Then, the fading compensation (PHC01 and PHC21) and the rake combining are performed. The 
more the additional sampling and holding circuits are. the more the continuous overlapping peaks can be processed. 
The calculation becomes more accurate. When the number of continuous overlapping peaks is "d". data before {(1 sym- 
bol period)-(1 chip time)}, data before {(1 symbol period)-(2 chip time)} data before {(1 symbol period)-(d-1 chip 

time)} are successively stored so as to generate correlation peaks using the successive data. 

25 [0026] As mentioned above, when the number of continuous overlapping peaks is small rejative to the total taps, the 
additional sampling and holding circuits can be omitted. By alternating the registers CAL-REG1 and CAL-REG2 every 
chip time, the calculation enor is at most an order of one input data. 

[0027] A matched filter in Rg.5 can be used. The sampling and holding circuits SHA1 to SHAn are serially connected 
for transferring data from SHA1, SHA2. .... SHAn, successively. The input signal Vin is input to SHA1 and an additional 

30 sampling and holding drcuit SHAEX is connected to an output of SHn. Each of the multi-plexers SMUX1 to SMUXn has 
two inputs and one output for receiving outputs of adjacent two sampling and holding circuits SHA1 and SHA2, SHA2 
and SHA3, .... SHAn-2 and SHAn-1 and SHAn-1 and SHAn. The first multi-plexer SMUX1 outputs one of the outputs of 
SHA1 and SHA2, and the klh multi-plexer SMUXk outputs one of the outputs of SHAk and SHAk+1. The outputs of the 
multi-plexers SMUX1 to SMUXn are input to multi-plexers MUX to MUXn. respectively, which are similar to MUX1 to 

35 MUXn in Fig. 1. The outputs of each of multi-plexers MUX1 to MEXn are input to a plus terminal "p" and a minus termi- 
nal "m" of an adder ADD. An output of tfie adder ADD is input to a scaling circuit SCALER for scaling tiie output of the 
adder to be an adequate level. An output Vout is generated after the scaling. The multi-plexers MUX1 to MUXn are 
switched by spreading codes ml to mn. respectively. 

[0028] By the connection of SHA1 to SHAn with MUX1 to MUXn, respectively, the correlation peak is calculated of 
40 spreading code in CAL-REG1. Then, tiie connection is shifted to the connection of SHA2 to SHAEX with MUX1 to 
MUXn, respectively, the conrelation peak is calculated of spreading code in CAL-REG2. The connection is then returned 
to the first 

[0029] Similarly to tiie above, the additional sampling and holding circuit SHAEX can be deleted if the number of taps 
is large, and a plurality of additional sampling and holding circuits can be provided for continuous overlapping peaks. 

45 [0030] Fig.7 shows the second embodiment wherein the process of the matched filter MF01 in ttie first embodiment 
is performed by the matched filter MF21 , while the process of the matched filter MF21 in the first embodiment is per- 
formed by a matched filter MF22 in the traffic channel. MF21 applies the spreading codes Pa and Pb of the base sta- 
tions "a" and "b" alternatively in every symbol periods, MF22 applies Pa and Pb for the conrelation peaks to be 
generated. The processes thereafter are similar to those m the first embodiment, so tiie description therefor is omitted. 

so As in the second embodiment, the soft-handover can be performed by only the matched filters of tiie traffic channel. 
[0031] Rg.8 shows the tiiird embodiment. Thie soft-handover is performed only by one matched filter MF21 in the traf- 
fic channel. MF21 applies tfie spreading code Pa at the klh symbol period. In the (k+1)tti and (k+2)th symbol periods, 
the spreading code Pb is used for searching peaks by Pb at the intervals between peaks using spreading code Pa. 
Then, the correlation peaks of both base stations can be detected. In tiie (k-t3)th period, both spreading codes Pa and 

55 Pb are applied. 

[0032] Fig.9 is a flowchart of the processing in Rg.S. At the step 81 , tiie peripheral cell search is performed. When it 
is judged that the soft-handover is necessary according to the peripheral cell search at step S2, candidates BNC1 to 
BNCn of base stations are determined at step S3. A loop counter "i" is initialized at step 84. The correlation for BNCi is 
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calculated at the intervals between adjacent peaks of the current base station at step S5. Here, peaks are assumed as 
Pc1 to Pcm. VVhen a peak is detected (step S6), the position (phase) of the peak is registered at step S8. Even when 
no peak exists, there is a possibility that the peak overlapping occurs. The correlation timings of Pel to Pcm are delayed 
at step S7. the first peak detected is registered as a correlation peak of the base station BNCi. Then, by changing 1" 
5 successively (step S12). correlation peaks of other base stations are searched at step S5. When the peak search of the 
total base stations is finished (step S10). a new base stations BN1 to BNp are determined at step S14. After a diversity 
hand-over (step 815). recursive integration and electrical power calculation is performed, and one base station is 
selected at step S1 6. 

[0033] As shown in Fig.20, the multi-plexer MUX1 includes a pair of multi-plexers MUX91 and MUX92. The multi- 
10 plexer MUX91 includes a pair of CMOS switches T91 1 and T912 connected to an input voltage Vin9 and the reference 
voltage Vref, respectively. The multi-plexer MUX92 includes a pair of CMOS switches T912 and T922 connected to the 
input voltage Vin9 and the reference voltage Vref, respectively MUX91 and MUX92 are controlled by a control signal 
Pet which is input to gates of nMOS of T91 1 , pMOS of T912. nMOS of T921 and pMOS of T922. An inversion of Pet is 
generated by an inverter 19 to be input to gates of pMOS of T91 1 . nMOS of T912, pMOS of T921 and nMOS of T922. 
IS When Pet is high level, an output Vout201 of MUX91 is Vin9 and an output Vout202 of MUX92 is Vref. When Pet is low 
level, the output Vout201 is Vref and the output Vout202 is Vin9. Otiner multi-plexers MUX2 to MUXn are similar to 
MUX1 , so descriptions therefor are omitted. 

[0034] Fig.21 shows a variation of tiie multi-plexer MUX1 . In Fig.21 , similar portions to those in Rg.20 are designated 
by the same references. There are two control signals Pet1 and Pct2, the former controls the switches T91 1 and T922, 

20 and tiie latter controls the switches T912 and T921. The control signals Pct1 and Pct2 are generated by a pre-eontrol 
signal Pet. Pet is delayed by two stages buffers B91 and B92 and input to a NOR-gate G91 so that Pcti is generated. 
The output of the buffer is also input to an AND-gate G92 so that Pct2 is generated. The control signals Pcti and Pct2 
become low level without fail in the time distance from the trailing edge of Pcti to the leading edge of Pct2 and in tiie 
time distance from tiie trailing edge of Pct2 to the leading edge of Pcti . It means that Vin9 and Vref are never simulta- 

25 neously output. Even when the spreading codes are quickly switched the outputs of the multi-plexers are stable. The 
reference voltage Vref is not influenced by unstable outputs of the multi-plexers. 

[0035] In Fig.22, the sampling and holding circuit SHI includes a switch SW43 connected to an input signal Vi4 (cor- 
responding to Vin in Fig. 1), an input capacitance C42 connected to the switch SW43, an inverting amplifier INV4 con- 
sisting of CMOS connected to the input capacitance C42 and a feedback capacitance C41 for connecting an output of 

30 the inverting amplifier INV4 to its input. When tiie switch SW43 is changed from closed to opened, Vi4 (Vin) is held. A 
refresh switch SW42 is connected to INV4 parallelly to C41, and a refresh switch SW44 is connected to C42 for con- 
necting a reference voltage to an input of SW44. The reference voltage is equal to a threshold voltage of INV4, and the 
input of INV4 is substantially the threshold voltage constantiy When SW42 is closed, the opposite terminals of G42 
t>eeome the equal voltage and an electrical charge of C42 is deleted. A switch SW41 connected to a ground is con- 

35 nected to the input of INV4. When SW41 is dosed. INV4 is connected to the ground at the input so that a CMOS 
included in INV4 becomes saturated condition. The electrical power consumption is stopped. The other sampling and 
holding circuits are similar to SHI . so the description therefor is omitted. 

[0036] While, the sampling and holding circuit SHA1 consists of two of the sampling and holding circuit in Fig.22, 
which are serially connected through a switch. The description therefor is omitted. 

40 [0037] As shown in Rg.23. tine switch SW43 includes a transistor circuit T5 having pMOS and nMOS parallelly con- 
nected to an input voltage Vin5. A dummy transistor circuit DT5 is connected to an output of the transistor circuit T5. 
The dummy transistor circuit DT5 includes pMOS and nMOS parallelly connected to output of the transistor circuit T5, 
inputs and outputs of pMOS and nMOS are short-circuited. A dock CLKO is input to gates of n-MOS of T5 and pMOS 
of DT5, and an inversion of CLKO is input to gates of pMOS of T5 and nMOS of DT5. The inversion is generated by an 

45 inverter 15. The other switches are similar to SW43. so description tiierefor is omitted. 

[0038] As shown in Fig.24, the adder ADD includes capadtances Cpl to Cpn and Cml to Cmn for the plus terminals 
"p" and minus terminals "in" in Fig. 1 , respectively Outputs of Cpl to Cpn are commonly connected to an input of an 
inverting amplifier INV71 . Outputs of Cml to Cmn are commonly connected to an input of an inverting amplifier INV72. 
An output of INV71 is connected through a feedback capacitance CF71 to its input. An output of INV72 is connected 

50 through a feedback capacitance CF72 to its input. The output of 1NV71 is connected through an intermediate capaci- 
tance CC7 to the input of INV72. The adder can perform addition and sutatraction. When the capacity ratios of Cp1 to 
Cpn, Cml to Cmn. CC7, CF71 and CF72 are as in the formula (1). the output voltage Vout6 is given as in the formula 
(2). 



CMI = CM2 = ... =Cmn^Cp1=Cp2^ ... = Cpn = = (1) 
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n 



n 



Vout4 - Vb = Vdd - 



isj 1=1 

n 



(2) 
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[0039] Fig. 1 0 shows the second embodiment of the present invention for multi-code processing, fn the perch channel, 
the received signal (control signal) is despread by the matched filter MF01 with a spreading code PNP. while in the traf- 
fic channel, a multi-code despread by the matched filter MF21 with spreading codes PNT1 and PNT2 is performed. The 
matched filters MF01 and MF21 perform the path search and signal reception. When the spreading ratios of the perch 

. 10 channel and the traffic channel are equal to each other, the path patterns of both channels are equal as shown by 
PeakOI and Peak21 . in Fig. 4. PeakOI shows the path pattern in the perch channel and Peak21 shows the path pattern 
in the traffic channel. Since the path pattern of the traffic channel is determined from the path pattern of the perch chan- 
nel, the path search in the traffic channel can be omitted. Higher peaks are selected from the peaks detected in the traf- 
fic channel. When three peaks shown by solid lines in Peak21 of a multi-path signal are selected by the despread of 

IS MF21 with PNT1 in a symbol period, multipath peaks by PNT2 shown by broken lines in Peak21. The peaks of PNT2 
are separated by delaying the timing of the despread, then six peaks are generated. These peaks are sampled and held 
by six of the sampling and holding circuits SHtl to SHtR as shown in S/H in Fig.4. The sampled peaks are then stored 
in the memory MEM01 The fading compensation and rake combining are performed for the stored data. The processing 
by MF01 in the perch channel is similar to the above, so the description therefor is omitted. 

20 [0040] Rg. 1 4 shows another embodiment of the multi-code processing. Only one matched filter MF21 is used for the 
processing of two spreading codes PNt1 and PN\2. The output of the matched filters are used as an information signals 
after stored for a predetermined time length as mentioned, above. It is possible to calculate the electrical power from 
the output and to perform path search from the power. It is also possible to change the process In response to change 
in the path pattern. The correlation peaks are held by some of the sampling and holding circuits SHtl to SHtR and 

25 stored in the memory MEM21 similarly of the above 

[0041] Figs. 11 to 1 3 are flowchart of the processing in Fig. 1 4. As shown in Fig. 1 1 , the path pattern is determined 
from the path selection at step S71, then the reception schedule Is determined at step 72. The signal is received 
according to this schedule at step S73. In scheduling, the number of the additional sampling and holding circuits, 
number of spreading codes and time length of one symbol period are judged. Here, the number of the additional sam- 

30 pling and holding circuits is SSH. the number of spreading codes is CN, time length of one symbol perkxJ is Symbol, 
the number of peaks is Pmax, time distances between adjacent peaks are Dj. A plurality of groups of peaks are defined, 
each consisting of peaks of distances Dj<(CN-1). Each group is defined by a number PG and the number of peaks con- 
sisted in each group is defined as PNG(PG). 

[0042] As shown in Fig. 12, a timing number "i", a loop counter "j" of repetition for each group, the PG and the Pmax 
35 are initialized at step S801 . A correlation is calculated by a spreading code PNS I at the timing "i". (step S802). The cor- 
relation result Is defined as CR(i). When CR(i) is equal to or higher than a predetermined threshold 6, it is judged that 
a correlation peak occurs at this timing (step S804). When this peak is the first detected (step S806), Pmax is increased 
by one (step S805). The timing 1" is also increased by one (step 803). 

[0043] When two or more peaks are detected, the time distance Dj between each peak and the next peak ahead is 
40 evaluated (step S807). When Dj is equal to or longer than (CN-1) and the timing is not at the end of the symbol period 
(step S81 0). this peak is classified In to another group than a group Including peaks before the peak (step S81 1 ). When 
Dj is smaller than (CN-1 ). it is judged whether the number of the additional sampling and holding circuits is sufficient for 
processing the peaks as one group or not (step S808). If possible, the counter "j" and the number of peaks PNG(PG) 
in the group are increased by one. When the number of the additional sampling and holding circuits is insufficient, the 
45 timing "i" is increased by one (step S803) arxi the next correlation is calculated step (S802). Correlation peaks in one 
group are processed by holding signals in the additional sampling and holding circuits so that the same signal is proc- 
essed by different spreading codes. 

[0044] An evaluation of the formula (3) is performed (step S808). If SSH is greater or equal to the right side in the 
formula (3). the peaks are processed. While if SSH is not bigger, peaks of a number TP not bigger than SSH are proc- 
so essed and the rest of peaks are neglected. 



[0045] As shown in Fig. 13, the numbers PG and TP are initialized (step S91) at the signal reception step S73. The 
counter "j". a number "k" of tiie spreading code and a delay time "d** are initialized (step S92). A correlation is calculated 



PQN(PQ)-1 

SSH ^ (CN-1) * J' 



(3) 
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by a spreading code PNISk at the delay time "d" (step S93). This process continues until "j" reach PGN(PG) (step S94). 
When j is smaller than PGN(PG), d, j and k are increased by one and the correlation calculations are repeated. When 
j becomes equal to PGN(PG). TP is Increased by PGN(PG) (step S96). If the TP does not reach Pmax. PG is increased 
by one so that a new group of peaks begins (steps S98 and S92). 

5 [0046] Fig. 15 is a timing chart of the third embodiment of processing for long-delay signals. In a symbol period, 
matched filters MF01, MF02, MF1 1 and MF12 in the perch channel receive the signal. When five peaks of multi-path 
signal occurs as shown by Peaks in Fig. 1 5 in one of the matched filters, five of the sampling and holding circuits SHp1 
to SHpS are used for sampling as shown by S/H. The sampled data are stored in the memory MEM31 as shown by 
"memory**. Then, the fading compensation and rake combining are performed. 

10 [0047] When a long-delay signals occurs in the traffic channel, that is. a multi-path signal including a signal delaying 
more than one symbol period, this delay signal can usually be detected in the perch channel because the symbol period 
of the perch channel is longer than, such as twice as long as, the symbol period of the traffic channel. If the symbol 
period of the perch channel Is twice as long as the symbol period of the traffic channel, the peaks In the latter half of the 
symbol period of the perch channel are long-delay paths in the traffic channel. The delay profile is not steeply changed, 

IS the delay-profile Is applied to the next symbol period. Therefore, the multipath phase in the traffic channel can be pre- 
dicted. 

[0048] As shown in Fig. 16, the spreading codes are supplied to the matched filters from two sets of calculation reg- 
isters CAL-REG and LDPREG. The current spreading code Is stored In CAL-REG and a spreading code one symbol 
period before the current sequence is stored in LDP-REG. Parallel outputs of CAL-REG and LDP-REG are input to a 

20 register-multiplexer RMUX for alternatively outputting one of the parallel outputs as a control signal MUCCNT. The con- 
trol signal MUXCNT are input to the multi-plexers MUX1 to MUXn in Fig. 1 for controlling them. Since a new spreading 
code must be loaded Into CAL-REG instantaneously just after the end of one symbol period, the new sequence Is 
advantageously loaded into an input register INP-REG during the last symbol period. The sequence in INP-REG Is par- 
allelly transferred to CAL-REG. Just before the parallel transfer from INP-REG to CAL-REG. The sequence in CALREG 

25 is transferred to LDP-REG so that the sequence one symbol period before is stored in LDP-REG. The multi-plexer 
RMUX supplies the current spreading code in CAL-REG to the matched filters for not long-delay signal and supplies the 
spreading code one period before In LDP-REG to the matched filter for the long-delay signal. Therefore, long-delay path 
can be detected by one matched filter. The circuit of the signal reception apparatus is small. When two or more long- 
delay registers LDP-PEG are used, signals delaying by two symbol periods or more can be detected. 

30 [0049] It is possible that a multi-path and long-delay path occurs at the same time in one matched filter. The long- 
delay register receives clocks CK1 , CK2 and a grourKl voltage GND at its clock input through a multiplexer CMUX CK1 
is synchronous to the sampling timing of the sampling arxd holding circuits, and CK2 is a clock much quicker than, such 
as four times as, CK1 . At the timing when the correlation peaks occurs simultaneously, the current spreading code in 
CAL-REG is supplied through RMUX to the matched filters and the spreading code in LDP-REG is not used. At this 

35 time, CMUX is changed to GND so that the circulated shifting of LDP-REG is stopped. At the next timing, LDP-REG Is 
selected so that the correlation Is calculated by the sequence in LDP-REG one symkx>l period later. The overlapping 
peaks are separated and detected. 

[0050] As shown in Fig. 17, the matched filter MF01 in the perch channel has finished kth correlation calculation and 
simultaneously the matched filter MF21 in the traffic channel has finished the kth and (k-hl)th correlation calculation. 
40 The spreading codes PN01 and PN21 are applied to the matched filters MF01 and MF21 , respectively. In the kth period, ( 
a spreading code P01,k of PN01 is applied to MF01 in the perch channel. In the kth and (k+1)th periods, spreading 
codes Pk and Pk+1 of PN21 are applied to MF21 in the traffic channel. 

[0051 ] When congelation peaks occur in the lab period as shown in PeakOI , the peaks in the latter half of the lab period 
are long-delaying paths. Peaks in the traffic channel corresponding to these long-delaying paths of the perch channel 

45 are shown by broken lines in the kth period in Peaks21 . In the kth period, there no peak overlapping, so the total peaks 
are heki by the sampling and holding circuits SHtl to SHtR following to the matched filters as shown in S/H. The long- 
delay path can be detected by this process. In the (k+3)th period of MF21 , the peak overiapping occurs by the current 
spreading code and the log<lelay spreading code at the timing shown by PP in Peaks21 . The long-delay correlation is 
delayed as mentioned above, the long-delay peaks are generated in a delayed timing as shown by PD, then the over- 

50 lapping Is prevented. The sampling and hokJIng circuits hoiti the peaks above. The correlation outputs of MF01 and 
MF21 are stored in the memories MEM01 and MEM21 , respectively. SImilariy to the process In Fig. 15, the fading com- 
pensation (PHC01 and PHC21) and rake combining are executed. 

[0052] The more the additional sampling and holding circuits are, the more the continuous overlapping peaks can be 
processed. The calculation becomes more accurate. When the number of continuous overiapping peaks is **d**, data 
55 before {(1 symbol perlod)-(1 chip time)}, data before f {(1 symbol period)-(2 chip time)}. .... data before {(1 symbol 
period)-(d-1 chip time)} are successively stored so as to generate correlation peaks of long-delay paths using the suc- 
cessive data. Then, (d+1) times circulated shifting is quickly performed for LDP-REG within on chip time so as to take 
LDP-REG up of the required state. 
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[0053] In Fig. 18, another circuit for long-delay path is shown. In the figure, similar portions to those in Fig. 16 is des- 
ignated by the same references. A sub-long-delay register SUB-LDP-REG is provided for storing the same spreading 
code as that in LDP-REG. with shifted to be delayed by one chip time than that in LDP-REG. Instead of the stop of shift- 
ing in the circuit of Fig. 16. RMUX is switched to SUB-LDP-REG for outputting the spreading code delayed by one chip 
5 time. This is equivalent to the process by the stop of the shifting. Then RMUX is returned to LDP- REG so that the proc- 
ess is returned to the condition of no peak overlapping. A clock CK is input through a gate G to SUB-LDP-REG. The 
clock can be stopped by G during one chip time. Then, the drculated shifting is delayed by one chip time. This circuit 
does not need high speed clock used in the circuit of Fig. 16. This circuit is advantageous for rather low speed circuit 
and the circuit size is small. 

10 [0054] When a plurality of peak-overlappings occur continuously, a plurality of sub-long-delay registers SUB-LDP- 
REG successively delayed by one chip time are used. The number of SUB-LDP-REG is equal to the nun*)er of peak- 
overlappings. Similarly to the circuit of Fig. 1 6, by using CAL-REG and LDP-REG one after another, only one SUB-LDP- 
REG and only one SHEX are necessary 

[0055] Fig. 19 shows further another circuit for log-delay path. In the figure, similar portions to those in Fig. 16 is des- 
15 ignated by the same references. One clock CK is commonly input to INP-REG. CAL-REG and LDP-REG. The stages 
of CAL-REG and LDP-REG are fed back to their first stages. The data in LDP-REG are input to a phase-multi-plexer 
PMUX1 and the data in CAL-REG are input to a phase-multl-plexer PMUX2. PMUX1 and PMUX2 output the data in 
LDP-REG and CAL-REG as they are or delayed by one chip time. Outputs of PMUX1 and PMUX2 are input to a register 
multi-plexer RMUX which alternatively outputs the outputs of CAL-REG or LDP-REG. 

20 

Claims 

1. A signal reception apparatus for direct sequence code division multiple access (DS-CDMA) cellular system com- 
prising: 

25 

a set of a plurality of sampling and holding circuits for holding an input signal successively input: 
a plurality of matched filters each for calculating a correlation every predetermined periods (symbol periods) 
between said input signal held by said sampling and holding circuits and a spreading code sequence, said 
spreading code sequence being a sequence of composite code of a long code indicating a base station and a 
30 short code indicating a mobile station; 

a plurality of calculation registers for supplying said spreading code sequences to said matched filters, saki cal- 
culation registers being classified into a plurality of groups corresponding to said matched faters, each said 
group including one or more of said calculation registers; and 

a multi-plexer means provided for said groups including a plurality of calculation registers for selectively con- 
35 necling one of safcf calculating registers in each said group to said con-espondlng matched filter. 

2. A signal reception apparatus as claimed in Claims 1 . wherein said set of sampling and holding circuits are parallelly 
conriecled to said input signal and are controlled so that said input signal is held by said sampling and holding cir- 
cuits one after another on every chip time, and saki spreading code sequences are circulatively shifted in said cal- 

40 culation registers synchronous to said sampling timing. 

3. A signal reception apparatus as claimed in Claims 2, wherein said set of sampling and holding circuits comprises 
sampling and holding circuits serially connected from a first stage to a last stage and saki spreading code 
sequence is transferred in a direction from said first stage to said last stage. 

45 

4. A signal reception apparatus as claimed in Claims 2, further comprising a phase-multi-plexer connected between 
sakJ calculation registers and said multi-plexer means for selectively outputting said spreading code sequence of a 
shifting condition at that time or of a shifting condition before said condition, whereby said spreading code 
sequences of different calculation registers at a same timing are successively supplied to said matched filter so tiiat 

so con-elation peaks at a same time by different spreading code sequences are separately generated. 

5. A signal reception apparatus as claimed in Claims 2, further comprising one or more additional sampling and hold- 
ing circuits for holding said input signal at a timing of {{one symbol period) - (one chip time)) before a time when 
correlation peaks occur by different spreading code sequences and at intervals of (one chip time) before arxJ from 

55 said timing of {(one symbol period) - (one chip time)} before said timing. 

6- A signal reception apparatus as claimed in Claims 2. further conrprising one or more additional sampling and hold- 
ing circuits for holding said input signal at a time when con-elation peaks occur by different spreading code 
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. sequences and at timings at intervals of (one chip time) after and from said time. 

7. A signal reception apparatus as claimed in Claims ^, wherein one of said matched filters is allocated to a perch 
channel and one to a traffic channel and said matched filter allocated to said perch channel performs a path search 
for finding a timing when said matched filter allocated to said traffic channel is to calculate correlation. 

8. A signal reception apparatus as claimed in Claims 1. wherein one of said matched filters is allocated to a traffic 
channel which performs a path search for finding a timing to calculate correlation by changing said spreading code 
sequences every said symtK)l periods, thereafter performs correlation calculation by itself. 

9. A signal reception apparatus as claimed in Claims 1. further comprising a selector means connected between said 
sampling and holding circuits and said calculation register for keeping a relationship between said sampling and 
holding circuits and said spreading code sequence in said calculation register unchanged, said multi-plexer means 
being switched for calculating correlation by different spreading code sequences with input signal in said sampling 
and holding circuits with keeping said relationship between said sampling and holding circuits and said spreading 
code sequence in said calculation register unchanged, said selector means returned thereafter to a condition 
before keeping said relationship unchanged, whereby said peaks are separately generated. 

10. A signal reception apparatus as claimed in Claims 9, wherein, when said peaks by different spreading code 
sequences continuously occur at a plurality of timings, said selector means keeps said relationship between said 
sampling and holding circuits and said spreading code sequence in said calculation register unchanged during said 
plurality of timings, whereby saki plurality of peaks separately generated. 

11. A signal reception apparatus as claimed in Claims 5, wherein, when a correlation peak occurs after a correlation 
peak in one symbol period and a time distance between said successive peaks is equal to or more than CN • Tt. 
where CN is a number of spreading code sequences and Tt is a chip time, said correlations by said total spreading 
code sequences are successively calculated during sakJ time distance, and when a correlation peak occurs after a 
correlation peak in one symbol period and a time distance between said successive peaks is less than CN - Tt, said 
correlation by one of said spreading code sequence is calculated duaring said time distance and then correlations 
by other spreading codes are calculated tiiereafter. 

12. A signal reception apparatus as claimed in Claims 1 1 , wherein, when a plurality of con-elation peaks occur in one 
symbol period and a formula (Cl) is true, where SSH is a number of said additional sampling and holding circuits, 
CP is a riumber of correlation peaks with shorter distance than (CN • Tt) between successive peaks and D^+i is a 
distance between kth peak and (k+1 )th peak. 

CP 

SSH <{CN - 1) • CP - D,. (CI) 

/»2 



conrelation calculations for peaks of number of PP in a formula (C2) are executed and correlation calculations for 
peaks of number of (CP-PP) are omitted. 

13. A signal reception apparatus as claimed in Claims 1 to 12. wherein said plurality of calculatk>n registers of one 
group hold spreading code sequences of a plurality of base stations for soft-handover. 

14- A signal reception apparatus as claimed in Claims 1 to 12. wherein said plurality of calculation registers of one 
group hokf a plurality of different spreading code sequences for multi-code processing. 

15. A signal reception apparatus as claimed in Claims 1 to 12, wherein said plurality of calculation registers of one 
group hold a spreading code sequence with a delay within one symtx)l period and a spreading code sequence with 
a delay over one symbol period. 

16. A signal reception apparatus as claimed in Claim 15. wherein one or more of said symbol periods for one or more 
of said matched filters are longer than said symbol period for another of said matched filters, whereby said former 
can detect a correlation peak of said latter delayed more than said symbol period of said latter. 
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17. A signal reception apparatus as claimed in Claim 16. wherein said former is allocated to a perch channel and said 
latter is allocated to a traffic channel. 
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Fig. 5 
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Fig.6 
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Fig. 7 
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Fig.8 
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